While the application of prescriptive duty limitations may be an appropriate control for physical fatigue, can this be assumed for mental fatigue? In the case of mental fatigue, fatigue does, in part, accumulate in a relatively linear manner, there are significant additional non-linearities driving the dynamics of fatigue and recovery processes for mental fatigue.
Circadian biology, for example, influences the dynamics of fatigue accumulation and recovery in a way that produces significant nonlinearities. For example, prescriptive limitations on shift duration generally assume that a break of a given length has a uniform recovery value with respect to mental fatigue. While this may be true with respect to physical fatigue, it is not the case with respect to mental fatigue.
Re construct validity, FRI is a good first attempt to develop an algorithm to evaluate general fatigue. However, the model is not multi-disciplinary to evaluate both mental and physical fatigue together. While some jobs may experience only physical fatigue, there are other applications whereby workers need to concentrate while they work. This model doesn't answer the question. Other variables are not considered including age, physical and mental condition, etc. which may or may not have a direct or indirect impact on the FRI outcome. How might this impact on risk reduction and rota design? The distinction between the fatigue level outputs produced by models and fatigue-related risk is important. On the one hand, 'fatigue level' refers to neuro-behavioural deficits caused by disturbances in circadian and sleep homeostatic processes (Dijk and Archer, 2009 ). On the other, 'fatigue-related risk' refers to the extent of exposure to the potential costs of accidents caused by fatigue. The latter is the product of accident likelihood and the financial, social and human cost of accidents. In the absence of mitigating factors, fatigue level contributes to risk only by increasing the likelihood of fatigue-related accidents. By implication, the association between outputs and risk is unlikely to be constant across industries, nor within them.
Model outputs are typically used to classify shifts into tiered risk categories based on fatigue model outputs, e.g. safe vs. unsafe, low vs. moderate vs. high risk. Stratification of model outputs provides a more convenient method for precluding a given sequence of work or for imposing risk-mitigation strategies than raw scores alone. To account for variable risk profiles across industries, most models allow organisations to modify the fatigue score thresholds for delimiting categories of risk. Despite this, industry reports and experts continue to raise concerns in respect to the potential for over-reliance on fatigue models to evaluate safety risks (Civil Aviation Safety Authority, 2014; Dawson et al., 2011; Fourie et al., 2010; Gander et al., 2011; Independent Transport Safety Regulator, 2010) .
There is a relative lack of research to establish empirical thresholds for classifying shifts into risk categories (Williamson et al., 2011) . To date, empirical research on fatigue models has focused primarily on validation of fatigue level estimates (Van Dongen, 2004) . The presumption made by most models that a simple linear relationship pertains between fatigue and the safety risks (including ill-health) of work is not borne out by empirical evidence (Williamson et al., 2011) .
Also bio-mathematical models is that outputs are apply only to the average individual. Fatigue model outputs are generated under the implicit assumption that the fatigue consequences of a roster uniformly affects all employees. By implication, the amount of sleep obtained by employees in the rest periods of a given roster is presumed to be the same. However some workers obtain less sleep than predicted, with the consequence that fatigue scores underestimate the fatigue experienced by these workers. Conversely, another proportion will obtain more sleep than predicted, with the consequence that fatigue score outputs overestimate the fatigue experienced by these.
Over-reliance on software-based models to evaluate fatigue related safety risks is a commonly cited concern associated with fatigue-risk management systems (Civil Aviation Safety Authority,2014; Fourie et al., 2010; Independent Transport Safety Regulator, 2010) . As stated above the link between fatigue levels and safety is not always linear, but is moderated by a host of mitigating variables including safety culture, duty tasks, and interindividual differences across employees (Williamson et al., 2011) . Fatigue may even have paradoxical effects on risk because employees sometimes exhibit risk mitigation strategies in recognition of an elevated potential for fatigue-related error (Gander et al., 2011) .
Bio-mathematical models of fatigue provide an estimate of the fatigue implications associated with a given work/rest schedule. Several recent reviews have identified limitations associated with fatigue prediction algorithms and the use of models in industrial settings (Gander et al., 2011; Dawson and Zee, 2005) . Should fatigue models be viewed not as tools for quantifying fatiguerelated risk, but rather as tools for mitigating risk through the identification of shifts where workers' sleep may be reduced. Would an emphasis on empirical sleep distributions, as opposed to fatigue estimates based on work schedules, be more readily appreciated by nonexperts and safety evaluations would not rely solely on fatigue score predictions?
In the absence of universally-applicable risk-based criteria for classifying model outputs, such as safe vs. unsafe, low vs. moderate vs. high, would it be more productive approach is to classify outputs on the basis of their implications for the distribution of doctors' sleep, e.g. no aggregate sleep reduction vs. aggregate sleep reduction. Could the NHS use this information to evaluate, based on industryspecific expertise and knowledge, whether a work schedule provides sufficient sleep opportunity for HCWs to perform work tasks safely?
It would have been interesting to stratify by high and low risk specialties (compare to Public health or occupational medicine or an external non-medical socioeconomically matched occupational control group).
Did you do a power calculation to determine sufficient N to detect a significant difference if there was one ?
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Thank you for your consideration of our manuscript, and to Dr Noone for his comments on our work. We have addressed his comments by revising the manuscript, and we hope that these changes are satisfactory. For your convenience, we have outlined these changes below: Summary of changes 1. To address Dr Noone's concern that the HSE fatigue risk index (FRI) does not account for the differences between mental and physical fatigue, we have added new text highlighting a need for future research in this area. We do not believe that this invalidates the use of the tool as a method of screening, and we have added sentences to clarify that we do not expect users to specify a value above which risks would be considered unacceptable, stressing instead that it is solely a means of identifying high-risk shift clusters at the point of design 2. Dr Noone's point (paragraph 5 of his review) about the difference between fatigue level and fatigue risk is a useful one, and we have added text to this effect to the discussion. 3. The point raised in paragraph 7, that empirical thresholds for unacceptable risk do not exist, and we have clarified this point in the discussion. We acknowledge Dr Noone's concerns that over-reliance on software modelling risks missing the complexities of fatigue management, and that the tools provide only a best estimate and not an individualised risk-score. Despite this, we still believe that the tool has use in screening rotas for high risk shift patterns. It is unlikely with current NHS resourcing, time pressures, and limitations on study leave that a large cohort of rota-authors will be trained in the fine details of fatigue management. We do think that simple, pragmatic tools such as this afford an opportunity to make some changes that will have a positive impact without large cost-implications.
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GENERAL COMMENTS
This is a good preliminary study on an important topic. It does not validate the use of FRI in doctors and the study sample is from one centre and limited to FY1,FY2 doctors. Although it has reasonable number of pwerson workig hours there appear to be no pre-study power calculation.
Not all medical work is the same, anaesthetics is front and end loaded but whilst maintaining anaesthesia require vigilance, tracking throughout.
See error msg, page 6 line 22-23. "These data are summarised in Error! Reference source not found.'
Page 9, line 51-55, Is the presumption about risk supported by the extant literature on this? 'Greater decrements in performance were seen in junior residents compared with senior residents indicating that years of training may affect changes in performance when tired. Jabukowicz et al.24 state that, in general, the more skilled, experienced or knowledgeable a person is, the less likely loss of sleep is to affect his or her performance. These authors further state that in all individuals, fatigue is more likely to affect cognition, regardless of experience, skill or knowledge. Fatigue is most likely to impact negatively on attention, decision making and information retrieval from long-term memory'.
The effect of reduced working hours under EU WTD has atomised junior doctors work arrangements, they are not working in team and no longer have the support of a designated consultant team, this seems to lead to isolation and stress from lack of experience which is not discussed. 'The law of unintended consequences' or in occupational Health & safety, 'substitution dilemma', (what you replace a exposure with, has its own not yet appreciated hazardse.g. replacement of gluteraldehyde by peracetic acid which was also a respiratory sensitiser).
VERSION 2 -AUTHOR RESPONSE
Thank you for your consideration of our manuscript, which we are delighted has been accepted for publication in BMJ Open. We are grateful to the reviewers for their comments, and we have made some minor revisions to reflect their recommendations. The sample size was chosen pragmatically, with all foundation doctors in the relevant specialities from our site included.
